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Introduction
About Lagoon Saroma-ko
• Location: lat. 44 ?8 ? N. and long. 143 ?50 ? E.
• Area: 151 km2, the third largest in Japan, 
and have the largest area as ice covered lake in Japan.
• Mean depth: 8.7 m, Maximum depth: 19.6 m.
• Very important fisheries base in Japan.
• Ice algae in Saroma-ko in the winter season affects marine 
resources and ecosystem of this lake.
Ice algae of Saroma-ko in Winter
• A microalga growing up in a sea ice.
• Chlorophyll-a concentration of ice algae has higher about 10 to 100 times than phytoplankton it.
• However, collection of ice algae in the sea ice core has heavy labor and very dangerous.
Purpose of this research
• Development of remote sensing method for chlorophyll-a concentration in the sea ice.
• Study and collect basic transmission properties of the sea ice.
Figure 1. Location of Lagoon Saroma-ko
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Figure 2. Main marine resources of Saroma-ko
Figure 3. Growth of Ice algae
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Figure 6. The sea ice sample collected from Saroma-ko on March 11, 2015 Figure 7. Fluorescence observation for the Ice Algae in the Saroma-ko sea ice
Lobs = Tred(z, p) F(Cchl, Tblu(z, p) Lsrc )
Excitation light source
?Blue LASER; 405 nm, 200 mW, CW?
Sensor
?USB2000?
z ?Sea ice thickness
Cchl ?Chlorophyll concentration F(C, I )?Fluorescence intensity
Tblu(z) ?Transmittance of exciting light  Tred(z) ?Transmittance of fluorescence light (675 nm)p ?Ice condition ?Brine hole density?
z TbluTred
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Figure 4. Outline of observation for fluorescence intensity under the sea ice 
Methodology
Collection of basic transmission properties of the sea ice 
Figure 5. a) chlorophyll-a standard under the artificial sea ice, 
b) fluorescence of chlorophyll-a under the ice after irradiate blue laser to 
the upper part of the ice.
Fluorescence observation of natural Saroma-ko sea ice
a) b)
Artificial sea ice,
Freezing temperature : ?8 ?,
Salinity :   32 ‰
Chlorophyll-a standard
Blue laser
• Irradiate blue laser to upper part of  the sea ice.
• Observe intensity of fluorescence light from right above 
direction of the ice.
• Observe intensity of transmitted exciting light, Raman 
scattering light and fluorescence every 5 cm from the lateral 
direction to become normal to the ice.
Result and conclusions
Basic transmission properties of the sea ice 
Figure 8. Change of the transmission 
intensity (405 nm) by the ice thickness. 
Figure 9. Difference between transition property 
of the artificial sea ice and the natural sea ice. The 
red line shows simulated natural sea ice which 
has 3 % of transmissivity on thickness of 40 cm 
(Satoh, Yamaguchi, et.al.,1989 ).
Figure 10. Relationship between 
fluorescence intensity and chlorophyll 
concentration every ice thickness.
Fluorescence of ice algae in natural sea ice
• Intensity of fluorescence light from above direction of the ice was 
111.7 counts/1000 ms.
• Existence of Raman scattering light was confirmed (Figure 11).
• Intensity of fluorescence light from lateral direction of the ice was 
observed (Figure 12).
Future tasks
• To collect many transmission properties data of the ice because the 
properties of the ice is various with  the condition when ice freezes. 
• Development of the device corresponding to the frigid field.
Figure 11. Spectrum observed from 
the lateral direction of natural sea ice.
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Figure 12. Fluorescence intensity each position from  the top of ice. This 
intensity was normalized with Raman scattering intensity at same position 
for consideration of decrement of exciting light in ice. Actual chlorophyll 
concentration was measured by TURNERDESIGNS 10-AU with sea water 
melted every 10 cm of the ice core (Okano and Shiomoto, 2015). 
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